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Chairperson: William W. Woessner
Degraded riparian habitat is a concern throughout the United States. Repairing
anthropogenic damage to river channels and wetlands is becoming increasingly popular,
though including design features to re-establish ground water and surface water exchange
rates and timing are rarely implemented. The goal of this project is to characterize the
surface water/ ground water exchange rates of two stream and riparian systems that have
been altered by agriculture use. Hydrogeological and hydrological field experiments were
performed to better understand the location and magnitude of ground water and surface
water exchange throughout each site. These data were compiled into a water balance for
the Sque-que study site. Vertical hydraulic gradients, temperature monitoring and ground
water chemistry were key components used to identify areas of surface water/ground
water exchange.I concluded that surface water/ground water interactions are occurring on
sub-reach scales throughout the Sque-que study site. The riparian water table position
changed little throughout the year and remained within two meters of the land surface. At
the Jocko River site a net gain of ground water along the 1 km reach was not detectable.
Modeling suggests the position of current water table will rise if drainage ditches are
filled at the study sites and that recovery of wetlands is possible.
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Introduction
The United States contains more than 5.6 million kilometers of streams
and rivers, and 103 million acres of wetlands (Dahl and Gregory, 1994). Humans have
manipulated river systems for irrigation, flood control, water supply and transportation.
Alteration of stream corridors has resulted in ecosystem changes including the
degradation of water quality, and loss of fish and wildlife habitat and riparian wetlands
(USDA, 2001).
Ground water contributes to streams by: 1) sustaining stream base flows; 2)
providing stable water temperatures; 3) providing nutrients and ions; 4) supplying water
for diverse vegetation in riparian areas; 5) providing moisture for soils in stream banks
that increases soil shear strength, affecting the slope stability and erosion processes
(Hayashi and Rosenberry 2002). River water also interfaces with adjacent ground water
as it mixes with ground water and returns to the river (Malard et al., 2002). The
topography and the slope of a river, the nature of the fluvial sediments, and magnitude of
regional ground water discharge to the stream controls the degree of exchange between
ground water and surface water (Hendricks and White, 1991; Harvey and Bencala, 1993;
Woessner, 2000;Worman 2001). Water exchange in the hyporheic zone and riparian
wetlands is believed to provide nutrient cycling and support the biodiversity of rivers
(Malard et al., 2002).
Stream systems include more than the channel. Associated riparian environments
often contain wetlands that provide habitat to many species of birds, plants and animals,
and absorb flood flows; they form some of the most productive habitat in the world
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(Tiner 1989). Hydrologic functions of wetlands include surface water and ground water
storage, and ground water recharge and discharge zones (Novitzki et al., 1997).
Wetlands often improve water quality by reducing sediment, and biochemically
processing pollution (Novitzki et al., 1997). Unfortunately as streams are modified,
wetlands are often lost. In Montana it is reported that there has been a 27% reduction in
all types of wetlands (Dahl, 1990).
Efforts to re-naturalize degraded streams and wetland systems require the
application of biology, ecology, chemistry, hydrology, geomorphology, and
hydrogeology, as well as local community participation and a statutory framework
(Kondolf, 1996). Understanding surface water/ground water exchange is an integral yet
mostly unrecognized part of stream and wetland ecosystem restoration (Woessner, 2000).
Plans to re-naturalize two stream systems in the western Montana Jocko Valley
are being formulated by the Confederated Salish and Kootenai Tribes. Both stream
systems have been affected by attempts at floodplain drainage and channel alterations. A
portion of stream flow has been withdrawn from the main channel for irrigation, and
channel sections have been levied to provide flood protection. The Confederated Salish
and Kootenai Tribes would like to reestablish more natural riparian wetlands and
functioning stream channels.
Goals and Objectives
The goal of this research is to provide restoration planning with documented
reference conditions of ground water/surface water exchange prior to re-naturalization
efforts along portions of the main stem of Jocko River and a tributary, Finley Creek. In
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addition, an effort is made to predict how planned re-naturalization efforts will affect
existing ground water/surface water exchange rates.
Specific efforts will:
1. Quantify the hyporheic water exchange locations and mechanisms;
2. Develop models representing current water exchange processes and use these
models under pre-renaturalized conditions to access project derived site water
balances;
3. Predict how restoration scenarios will impact groundwater/surface water
exchange locations and rates at the Jocko River site;
The Confederated Salish and Kootenai Tribes (CSKT) will incorporate study results
in site re-naturalization efforts.
Site Conditions
The Jocko Valley is a small intermontane valley located 48 kilometers northwest
of Missoula, on the Flathead Indian Reservation, in Lake County, Montana. The Salish
and Kootenai tribes reside on the Flathead Indian Reservation and are the driving force
behind re-naturalization of both study sites. The Jocko Valley is a 30 square kilometer
valley bordered to the north by the Jocko Hills, the Nine Mile range to the south and the
Rattlesnake Mountains to the east. The principal town is Arlee Montana, population 602.
Two sites have been chosen for study, a site on Finley Creek and the main-stem of the
Jocko River (Figure 1).
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Fig.1. The intermountain Jocko Valley and surrounding mountains. Study Sites are
indicated by arrows.
Climate
The Jocko Valley typically receives 40 cm of precipitation each year, although
portions of the surrounding mountains receive over 150 cm annually (Montana NRCS,
2004). Montana has been in a drought over the past 7 years. Precipitation including
mountain snow pack levels have been below annual average (Montana Drought Advisory
Agency
Creek
Spring
Creek
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Committee, 2004). However, the Jocko Valley experienced slightly above normal
precipitation (40.86 cm) (St. Ingnatius Agimet Weather Data) for the period during which
the first portion of the study was performed 2003-2004 water year. According to the
National Weather Service, the mountain snow pack met or exceeded record lows in late
April 2005. The Jocko watershed experienced a rain event over a three day period in
early June, 2005, that led to a 25 year flood event on the Jocko River on June 4’th.
Geology
The Jocko valley is underlain by and the surrounding mountains are composed of
pre-Cambrian metasedimentary Belt Super Group bedrock (Makepeace,1989). The valley
is down dropped along a north west trending fault (Harrison,1986) which is filled by a
series of Tertiary basin fill sediments and Quaternary sediments from glacial outwash
(Makepeace, 1989). The geology of the Jocko Valley has been discussed by several
authors including (Mudge et al., 1982; Harrison et al., 1986; and Slagle, 1988).
Two major fans dominate the surface morphology of the Jocko valley and have
been identified and discussed extensively by (Harrison, 1988) (Figure 2). The Agency fan
is located at the south end of the valley and the Jocko fan extends the entire length of the
main valley. The Agency Fan is a composite feature composed of sediment originating
from a series of stream canyons in the Rattlesnake Mountains, including sediment
associated with alpine glaciation (Harrison, 1988). The stratigraphy of the Agency fan is
complex. The depositional environment resulted in dramatic differences in sediment
thickness (Harrison, 1988).
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Fig.2. Locations of major Quaternary Glacial fans in the Jocko valley.
The Finley Creek Fan is a sub-fan composed of the western portion of the Agency
fan,that has been re-worked by Finley Creek. Near the surface it is composed of
reworked 30-50m of Pleistocene glacial deposits. Glacial advances and retreats, and the
filling and draining of Glacial Lake Missoula produced a complex interfingering of silts
and gravel (Harrison, 1988).
The surface of the Jocko fan is composed of reworked glacial outwash. The
stratigraphy is dominated by coarse-grained Pleistocene to Recent fluvial sediment.
Ground water levels throughout the fan are more uniform than those found in the Agency
fan (Harrison, 1988). At the mouth of the Jocko canyon near the southern end of the
valley, the fan is composed of mostly boulders and cobbles. Down valley to the north
near Ravalli canyon, cobbles and gravels dominate the fan. Generally the sediment of
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Jocko fan becomes progressively finer down valley (towards Ravalli Canyon) as more
fine grained glacial silts and clays are present (Makepeace, 1989). The Finely Creek Fan
is finer grained than the Jocko Fan (Makepeace, 1989).
Hydrology
The main streams in the Jocko Valley are the Jocko River, Spring Creek, Finley
Creek and Agency Creek (Figure 1). The Jocko watershed drains 207 km2
(Makepeace,1989) (Figure 3).
Fig.3. Map of Jocko watershed with the Finley Creek watershed highlighted.
(CSKT 2000)
Arlee
Jocko River
Finley Creek
Watershed
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The U.S.G.S and the CSKT maintains a Real Time Stream Gauge Station on the
South Fork of the Jocko River (U.S.G.S Station #12381400) near Arlee, Mt. Stream
discharge information from this station provides year-round continuous data. (Figure 4) is
a hydrograph generated for the study period.
Fig.4. Hydrograph of the South Fork of the Jocko, above Arlee. (USGS,2005)
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The South Fork of the Jocko is considerably smaller than the Jocko below Arlee
but this data gives insight into the timing on peak discharge and seasonal patterns of
discharge. Data has been collected since 1982, a mean monthly discharge graph has been
generated (Figure 5) from 1982 to 2005.
U.S.G.S Surface Water Monthy Statistics
South Fork of the Jocko River Near Arlee, MT
Mean Discharge 1982-2005
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Fig.5. Median Monthly Discharge of the South Fork of the Jocko River(1982-2005),
above Arlee. (USGS,2005)
Large withdrawals of 30,837,500 to 49,340,000 m3 of water are exported to the
Mission valley from the upper Jocko watershed. Water is exported upstream of the Jocko
Valley for irrigation from April until mid December each year (Makepeace, 1989). Intra
basin irrigation withdraws from the Jocko River are typically 2.8 m3/s in the spring and
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range from 1.7 to 2.3 m3/s for the rest of the irrigation season. These withdrawals can be
equivalent to 1/3 to 1/2 of the flow. The Jocko River discharge is snow-melt dominated
and is underpinned by ground water discharge throughout the remainder of the year
(Makepeace,1989). The Jocko River is part of the Lower Flathead River drainage, which
is a major watershed of the Upper Columbia River basin.
Hydrogeology
Aquifers in the Jocko valley include the low yielding fractured bedrock and fine
grained Tertiary sediments, and the high yielding coarse-grained Quaternary sediments.
The Jocko and Agency fans contain the principal unconfined to confined Quaternary
aquifers (Makepeace, 1989; Slagle,1988).
Aquifer stratigraphy within the Agency fan is poorly defined (Harrison, 1988).
The thickness of the Agency fan is unknown, although wells have penetrated 160 m in
the southern portion of the valley without encountering bedrock. Vertical and lateral
variations in permeability and conductivities are most likely related to variations in silt
content. Agency and Finley Creek fans show little seasonal variation in water levels.
This consistent pattern may be due to recharge from irrigation ditches during the summer
months (Makepeace,1989).
The aquifer stratigraphy of the Jocko fan has been interpolated by Harrison
(1988). Bedrock depths at the mouth of Jocko and Ravalli canyons were used to constrain
the fluvial sediment’s extent. Fluvial sediments make up the principal unconfined aquifer
of the Jocko Fan. The aquifer is about 100 m thick near the Jocko Canyon and thins to
60m at the mouth of Ravalli canyon. The aquifer is composed of complexly interbedded
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coarse to fine sediments, and homogenous sediment packages whose properties change in
recognizable patterns down-fan and laterally away from the fan axis (Makepeace, 1989).
The water table is 45 m at the south end of the fan and becomes progressively
shallower towards the north end of the valley where water levels are commonly within 1
to 2 m of the land surface (Harrison,1998).
General ground water flow is down valley to the north (Figure 6).
Fig. 6. Potentiometric map of the Jocko Valley with mapped NWI wetlands, (CSKT 2000).
Contour interval is 7.6m.
Aquifer recharge is primarily from infiltration of rainfall and snowmelt, leakage
of the Jocko River, river tributaries, irrigation ditches and lateral flow from the
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surrounding mountains (Slagle, 1988). Sections of the Jocko River and associated
riparian wetlands are considered major zones of ground water discharge (Slagle, 1988).
Wetlands
The wetlands present in the Jocko Valley are most often associated with riparian
areas. The anastiomosing Jocko River and its tributary Finley Creek have left numerous
historic channels containing sloughs and backwaters. Wetlands are also present adjacent
to riparian areas where the shallow water table approaches the land surface. These
wetlands are classified as Palustrine Emergent wetlands (marshes) and Paulstrine Scrub-
shrub (CSKT, 2000). The Canadian Department of Natural Resources (2000) has defined
emergent wetlands as “the transition zone between terrestrial and aquatic ecosystems.
They are found in low-lying areas and have grassy vegetation along with non-woody or
soft-stemmed plants found below, at or above the water surface. Such wetlands are
usually found in association with streams or other watercourses, but can also be fed by
groundwater”. Paulistrine scrub-shrub wetlands, is a community in transition from
emergent wetlands to woodlands with small trees less than 7 meters tall.
Ecological/Cultural Importance
The Jocko watershed provides habitat for 265 species of birds, 69 species of
mammals, 8 species of amphibians, 9 species of reptiles, and 23 species of fish (CSKT,
2000). The Jocko Watershed has been identified as a significant area for bull trout
spawning and rearing. The health of this watershed is considered to be important in the
recovery of bull trout within Western Montana and the reservation (CSKT, 2000). Bull
trout were listed as a threatened species under the Endangered Species Act in June of
1998.
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The Jocko watershed is culturally important to the Confederated Salish and
Kootenai Tribes as place to practice traditional activities such as hunting, fishing,
gathering of plants and other traditional activities of cultural importance (CSKT, 2000).
The health of this watershed is valued. The Confederated Salish and Kootenai Tribes
have expended resources for wetland restoration, and flood plain and channel re-
naturalization (CSKT, 2000).
Finley Creek site (Norgard Property)
Finley Creek drainage has been identified as highly impaired (Figure 7). Demands
on this watershed such as logging, development, transportation corridors and agriculture
have taken their toll on this watershed. However, the Finley Creek watershed still
maintains the highest density of wetlands within the Jocko watershed (CSKT, 2000).
The Salish and Kootenai tribes purchased land that contains a portion of Finley
Creek and its adjacent wetlands. Finley Creek is a braided stream throughout the study
site. There are two main channels that reconnect below the study site. Finley Creek
typically flows at about 0.4 m3/s. Cottonwood stands and willows line the channel. The
land has been drained by a complex series of ditches for agriculture and has been grazed
by a local rancher since the late 1960’s. The site has an invasive plant species problem
with spotted knapweed in drier areas, and reed canary grass is present in wetter areas.
14
Fig.7. Showing location of Finley Creek Site within the Finley Creek Watershed 1 km
south of Arlee.
The Tribes would like to restore the creek because it is incised and viewed as
disconnected from its floodplain. The adjacent emergent wetlands appear to be degraded
because of the lowering of the water table. The stated restoration goal at this site is to
raise the water table level to near the land surface so native wetland vegetation will
occupy topographic depressions. To reach this goal the stream channel will be moved
and raised and selected drainage ditches will be filled to match the existing topography.
Finley Creek Site
N
15 m contours
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Lower Jocko River Site (Sque-que Property)
The lower Jocko River has been identified as being in poor ecological health
(Figure 8) (CSKT, 2000). The Salish and Kootenai tribes own this 1.4 km2 piece of land
which contains the Jocko River and a riparian wetlands ecosystem. The channel wetland
system includes a spring creek tributary, areas of apparent ground water discharge, and
areas of human created channel alterations.
Fig.8. Showing the location of the Sque-que Study site in the Jocko Valley 8 km north of
Arlee.
The riparian zone contains cottonwood and ponderosa pine stands, and large
plots of sedges and willows associated with the wetlands. The site contains invasive
species including spotted knapweed in drier areas and reed canary grass in wetter areas.
This site has been altered for agriculture by the creation of drainage ditches to lower the
Sque-que Site
N
15 m contour
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water table (Figure 9). Drainage ditches are located on west side of the property. The site
contains approximately 2.4 km of ditches.
The discharge of Jocko River has been measured at 5.6 m3 /s within the study site
during the summer months. This discharge appears to representative of summer time
“post runoff” flows at the study site. The river channel is sinous and is characterized by a
pool riffle sequence with large woody debris in the stream channel. Historically, the
Jocko River followed a more sinous path meandering across the Jocko Valley at this
location (Figure 10) (CSKT 2004). The sinuosity of the river has decreased since the
1971, with increased anthropogenic influences. Since 1990 the channel of the Jocko
River has changed very little from its present day course. The Jocko River is connected to
the shallow alluvial aquifer that is bounded to the north and south by fine-grained
Quaternary and Tertiary lacustrine sediments. One mile below the study site, the river
enters Ravalli Canyon. The river has also been modified by a series of levies to protect
hayfields adjacent to the river.
The ecological health of the site will be improved by the reestablishment of
emergent wetlands. Reestablishment is proposed by the filling of drainage ditches there
by raising the floodplain water table. Levies will be removed to allow the river to
reconnect with it’s floodplain and encourage channel migration.
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Fig.9. Locations of drainage ditches shown in blue.
N
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Fig. 10. Historic channel traces of the Jocko River from 1938 to present and areas of
mapped hydric soils are showing in white. Channels: 1938 blue, 1955 Red, 1962 Brown,
1971 Green, 1981 Black, 1990 Tan, 2002 Teal.
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Methods
This study establishes local site hydrogeologic conditions by examining the
available literature, interpreting available well log data, and instrumenting the ground
water and surface water systems at each site. A conceptual hydrogeologic model is
developed and evaluated with a ground water flow model.
A literature review was completed examining past studies on the geology,
hydrology and hydrogeology of the Jocko Valley. Previous work by University of
Montana masters students (Thompson,1987, Makepeace, 1988, Harrison, 1988) provided
important background. This previous work was then combined with site specific
geologic logs from domestic wells. These data were evaluated to establish the local site
geology and general location of the water table.
The variation and position of the water table at each site was established by
installing and monitoring small diameter shallow wells. A Geoprobe 5400 was used to
install wells in late November through January (to minimize impact on the land and to
allow for drilling in wet areas not accessible when thawed). Two types of monitoring
wells were installed: 3.2 cm diameter steel sandpoints with an 86 cm screened tip, and 2.6
cm diameter PVC wells with the bottom 30.5 cm screened. (Figure 11) PVC wells were
screened by using two millimeter wide hack saw slots at the bottom of the well. Wells
were drilled until mid-winter water levels were reached and then advanced another meter
to accommodate anticipated low water levels. Well depths range from 2 to 4.5 meters.
Water levels were recorded monthly and biweekly during spring runoff, between
January 2004 through March 2005. A Slope Indicator electronic water meter was used
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for water level measurements. Solnist Levelogger pressure transducers were placed in
selected wells to record continuous water levels every hour (Figure11).
Fig.11. Diagram of PVC and steel sandpoint well designs used at both Finley Creek and
Sque-que sites. Levelogger installation also shown.
A barologger was placed at each site to record barometric pressure (needed to
reduce levelogger data sets). A survey grade Trimble GPS (model # 5800) was used to
determine well and staff gauge locations +/- .005m. A site calibration was conducted
using several U.S Highway 93 aluminum and brass highway survey control caps. Well
casing elevations were determined using a Sokia eye level. A level loop was run off of
Water Table
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two U.S Highway 93 survey control points. Drainage ditch cross-sections, elevations and
locations were determined using a Lieca Total Station.
Ground water flow was analyzed by creating potentiometric maps showing
contour lines of equal head and flow lines indicating the direction of groundwater flow.
These maps were constructed by hand using a graphical solution presented by Fetter
(2001) to solve for the slope of the potentiometric surface.
Hydraulic conductivity tests were conducted in selected wells. Slug tests were
performed in sets of three for each well to account for variability in hydraulic
conductivity testing methods (Fetter 2001). A levelogger pressure transducer was used to
record head changes at half second intervals. A solid slug was introduced into the well
and the water level was allowed to equilibrate. The slug was removed and the change in
head over time was recorded. Analyses of slug tests were performed using the Hvorslev
Method (Fetter 2001).
K= (r2*ln(Le/R)
(2Le*T37)
Where:
K= hydraulic conductivity, r = radius of well casing, R= radius of well screen, Le=
length of well screen, T37 = time it takes for the water to rise or fall 37% of the initial
change.
Stream bed hydraulic conductivity was estimated using a injection slug test in a
2.54 cm diameter steel peizometer that was pounded into the stream bed. Injection time
was recorded on a stop watch. The Hvorslev method (Fetter, 2001) was used to analyze
these data.
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A steel fence post was placed along the edge of the river or creek where it was
protected from the current and a metal ruler was placed on the fence post to record river
stage height. A screened steel pipe was also placed in the river and was equipped with a
levelogger to record continuous river stage at the Sque-que study site.
Occasional measurements of stream discharge were determined using a Price AA
current meter manufactured by Rickly Hydrological. Standard USGS measurement
procedures were followed (Nolan, 2000). Current meter velocity and discharge formulas
were adapted from (Buchanan, 1969). Error associated with stream discharge
measurements is assumed to be 10% (Winter, 1981) (See Appendix A for velocity and
discharge formulas).
In an attempt to examine the exchange of surface water and ground water at the
channel, channel bar, and riparian zone scale, additional field instrumentation was
employed. Steel piezometers (2.54 cm) diameter with a 10 cm screened interval were
used in the stream channel (Figure 12). Piezometers were pounded by hand one half a
meter into the stream bed and vertical hydraulic gradients measured.
VHG = ∆h/∆l 
∆h is the head difference in water levels inside (ground water) and outside(stream 
water) of the piezometer. ∆l is the depth of the streambed surface to the top of 
the screened interval.
Techniques for measuring vertical hydraulic gradient were adapted from Baxter et
al., (2003). Water levels were measured inside and using a Solnist electric water level
tape.
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Fig.12. Steel piezometers in river bed.
Ground water velocity tests were conducted on a selected point bar at the Sque-
que site (150 m x 27 m) where ground water levels were within +/- 60 cm of the surface
(Figure 13). Holes were dug with a shovel until the water table was intersected. Water
levels were allowed to equilibrate within the hole. Eleven holes were prepared
perpendicular to the postulated ground water flow direction in three transects. The
electrical conductivity of the borehole water was changed by adding a dilute NaCl
solution. The water chemistry was inventoried using an Orion conductivity meter. The
conductivity was measured over time.
GW
h
l
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Fig.13. Sque-que site locations of borehole velocity test numbers (1-11) at the point bar
study site. Jocko River is flowing south to north.
A curve matching technique developed by Lamontagne et al., (2002) was used to
derive v*, apparent velocity,
C*(t)= e (-v*A*t/ V)
Where:
t is time, V volume of water in test pit, C*(t) standardized concentration, v* arbitrary
apparent velocity, A cross sectional area.
Once a v* was determined using the curve matching technique a ground water
velocity (v) was obtained by the formula
v = v*/ά n
50 meters
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v is ground water velocity, v* is arbitrary apparent ground water velocity, ά is 
well-shape factor, n is porosity. Porosity and alpha were estimated to be 0.2 and 2,
respectively.
Hydraulic conductivity can be estimated from Darcy’s law by using the equation
K=( v*n)/i
At the Sque-que site an additional series of wells were installed to record vertical
temperature profiles. (Johnson et al., 2005). These wells are 2.5 cm diameter PVC wells
installed into the subsurface of a gravel point bar. The entire well length was perforated
using a 0.32 cm diameter drill bit. A 1.3 cm diameter length of CPVC was placed inside
the 2.5 cm PVC well. Well inserts were baffled every 45.7 cm using weather stripping
and duct tape to prevent vertical flow of water. An ibutton digital temperature data
logger was installed in-between each 45 cm interval (Johnson et al., 2005). The
accuracy of an ibutton is advertised to be +/- 0.5 º C. To improve accuracy and
standardize the instrument each ibutton was calibrated. The ibuttons were subject to a
range of temperatures in a controlled temperature bath. Temperature measurements were
taken at known times using an ASTM mercury thermometer. The difference between the
known temperature and the ibutton recorded temperature was used to individually
calibrate each button. Each button was calibrated using average differences between
known temperatures and measured temperatures (error +/- 0.2 º C).
Heat has been demonstrated as an effective environmental tracer for ground water
movement (Constantz and Stronestrom, 2003). Using VS2DHI, a USGS model used to
simulate fluid flow and energy transport, hydraulic conductivity was computed following
techniques developed by (Constantz and Stronestrom, 2003).
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A water budget was calculated for a day on the Sque-que site to better
characterize the quantity of water flowing through the site. Surface water data for the
water balance was determined by several stream discharge measurements. Ground water
flow volumes were estimated by using Darcy’s law (Fetter, 2001).
Hydraulic conductivity was estimated by averaging slug test data from the site.
Hydraulic gradients were calculated from water table maps. Site area was calculated by
using a geo-referenced map. Precipitation and evapotransperation data were derived from
an Agrimet station located 6 km to the north of the study site.
Based on field observations, literature and previous work, a conceptual model of
ground water/ surface water exchange was developed for the Sque-que site. A 3-D finite
difference ground water flow/exchange model was developed using Visual MODFLOW
3.1 (Waterloo Hydrogeolgic, 2000). Standard modeling procedures were followed
(Anderson and Woessner, 1992) and the model was calibrated to heads, and fluxes of
ground water and exchanges of surface water. Zone budgets were set up to divide the
model into specified sections to facilitate computation of fluxes. Fluxes through the
constant head boundary and the general head boundary were calibrated by comparing the
mass balance inputs and outputs of the model to hand calculated estimates of flux through
these boundaries. Fluxes through river cells were compared with discharge
measurements.
General ground water and surface water chemistry was determined by using a
Quanta G multi-parameter water quality instrument by Hydrolab. Simultaneous readings
of temperature, dissolved oxygen (DO), conductivity, pH and redox potential were
recorded for wells on the Sque-que property near the point bar study site, along with
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selected surface water sites. General ground water field chemistry was determined at the
Finley Creek site by using an Orion pH and conductivity meter. All wells at Finley Creek
along with some selected surface water sites were tested for pH and conductivity.
Results Finley Creek Site
Geologic Setting
The Finley Creek site is located within the Finley Creek fan deposit. Evaluation of
well logs surrounding the site indicates that the local geology is composed of Quaternary
alluvium which is finer grained than the ajacent Agency Fan sediments (Makepeace,
1989) (Figure14).
Fig.14. Map showing location of domestic well logs used to evaluate the geology of the
Finley Creek site.
Correlating well logs was difficult as the driller’s decriptions are generalized (Figure 15).
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Fig.15. Well numbers and depths and thickness of sediments for well logs from the
Finley Creek Site. Cross section locations on Figure 14.
Elevation (m)Distance (m)
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The top 10 to 18 m appears to be generally sand and gravel with clay layers present
below 10 m. Well logs indicate that the aquifer is hetergenous with complex layering of
sands and gravels and interbedded clay layers. As domestic wells in the area are not
drilled to bedrock, the depth of the unconsolidated sediments was not determined;
Makepeace (1989) reported it to be 30 to 46 m.
Hydrogeologic Setting
A monitoring well network consisting of 13 wells was developed on the Finley
Creek site (Figure 16).
Fig.16. Well locations on Finley Creek Site, Finley Creek flows to the North and is
present in two channels. Picture location shown upper right corner.
1 km
250m
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Water level monitoring indicates that water table depths range from 2.8 m to 0.1
m. Seasonal fluctuations of the water table are evident in almost all wells (Figure 17).
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Fig.17. Water table elevations of wells at the Finley Creek Site.
Continuous water level recorders in wells 3, 10 and 13 confirm observed seasonal trends
based on monthly measurements (Figure 18).
Monthly water level measurements indicate that not all wells responded equally.
Water table levels are typically lowest in late December through February and reach the
highest elevations in mid June.
Wells located farther from Finley Creek (1,2,6,12,13) showed larger seasonal
fluctuations and deeper water levels. The ground water in this portion of the site may be
influenced by the more regional Finley Fan ground water system, rising with the spring
snowmelt and rain and decreasing in the dry summer months. Wells located closer to the
Well #
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Fig.18. Graph of continuous water level recorders at Finely Creek Site. Location shown
on Figure 16.
creek channel (3,4,5,7,10,11) generally demonstrated smaller seasonal fluctuations,
reflecting the seasonal changes in Finley Creeks stage. Vertical gradient measurements
in the creek bed and creek stage measurements show the creek stage is higher than the
water table in southern portion of this site and losing water to the shallow aquifer. In
contrast, water levels in well 9 (located in the northern section of the site) were above the
land surface, indicating that there are upward ground water gradients in the northern
portion of the site. The stable water levels of wells 8 and 9 were both associated with an
area of the site where the land surface is saturated throughout the year, a location where
ground water discharges.
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Ground Water Flow Analysis
Potentiometric maps show that ground water flow is generally to north, flowing
parallel to Finley Creek (Figure 19). Equipotential lines are elevated on the northwest
side of the property. The northwestern side of the property tends to be saturated to the
north of well 10. Equipotential lines associated with Finley Creek show the creek is
losing water (recharging the ground water) (Figure 20). Seasonally the water table
increases in elevation (June). Generally ground water flow directions remain the same
during the year.
Fig. 19. Showing equipotential lines in meters, ground water flow is down valley in
June 2004. Map location in right corner.
N
250 m
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Fig.20. Showing equipotential lines in meters, ground water flow is down valley in
January 2005.
Thompson (1988) estimated hydraulic conductivities from three driller’s logs near the
Finley Creek site. The values range from 21 to 70 m/d with the average of 50 m/d.
Fetter (2001) reports that K values for sorted gravel deposits can range from 8 to 860m/d.
Rates of ground water flow into and out of the Finley Creek site were computed using
Darcy’s law. The discharge through the south boundary ( L =1070m, depth =30 m, i=
0.018) is estimated to be 29,000 m/d. The discharge through the north boundary is( L =
518m, depth =30 m, i= 0.01) estimated to be 8,000 m/d.
250 m
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Several geologic factors are influencing ground water flow within the Finely
Creek Site (Figure 21). The Agency fan to the east is up gradient and its ground water is
flowing to the west and north. The western boundary of the Finley Creek fan is
composed of an up-gradient fan formation and mountain bedrock, both these conditions
appear to restrict the Finley Creek for ground water movement.
Fig.21. Geologic controls influencing ground water flow with the Finley Creek site.
Green is bedrock. Blue is the eastern flank of the Agency fan which is up-gradient of the
Finley Creek Fan. Black is fan deposit from the adjacent Nine Mile range.
This confinement of the fan along with a decrease in hydraulic gradient is
reducing ground water flux and discharge. The result is ground water discharging to the
surface. The presence of upward gradients, a large tract of emergent wetland and a
gaining Finley Creek are evidence of ground water discharge in the northern portion of
the fan.
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Surface Water Exchange
Staff gauge measurements show that the Finley Creek hydrograph is dominated
by melting of low elevation snow pack (1000 to 1500 meters) so the peak discharge
comes earlier in the season than other streams in the valley that drain higher elevations
(Figure 22).
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Fig.22. Stage elevation of Finely Creek. Location shown in Figure 23.
Vertical hydraulic gradients measured in the stream bed of Finley Creek were
collected from three piezometers (Figure 23). The vertical hydraulic gradients in Finley
Creek change direction and strength seasonally (Figure 24). As the water decreases in
Finley Creek in the late summer, the gradient decreases in all of the peizometers, most
notably in piezometer one (P1). Peizometer two (P2) is located near the center of the
property where the water table is becoming progressively shallower. The reversal of the
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Fig.23. Locations of piezometers and staff gauges on Finley Creek.
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gradient in P3 in early September is likely due to the rise of the water table in the shallow
aquifer from the wetter autumn months. This peizometer may be located on a boundary
where the stream changes from losing to gaining depending on the elevation of the water
table relative to the creek. Data from these peizometers suggests that the water table
becomes progressively higher as Finley Creek flows down gradient to the north. Stream
discharge observations indicate Finley Creek gains ground water in the northern section
of the study site. This gain in ground water is likely to be a result of the aquifer
confinement by the local geology causing the water table to rise and intersect Finley
Creek.
Ground Water and Surface Water Chemistry
Water chemistry results collected on 6/25/04 indicated that surface water pH and
conductivity had a wide range of variability. Standing surface water in emergent wetlands
had a pH ranging from 7.0 to 7.3 compared to flowing surface water that had a pH of 7.7
to 8.0 (Figure 25)(Appendix B).
The conductivity of standing surface water ranged from 310 to 371 µs and the
conductivity of flowing surface water ranged from 115 to 132 µs. The pH of ground
water ranged from 7.0 to 7.8 and the conductivity ranged from 119 to 2,140 µs.
Wells 2, 5, 6, 7 and 8 had elevated pH levels compared to the other wells located
on the site. Well 7 is located within two meters of Finley Creek. Elevated pH
measurements most likely indicate direct interaction between Finley Creek and the
shallow aquifer. Wells 2 and 8 are located within 30 m of Finley Creek. Wells 5 and 6
are located about 100 m on either side of Finely Creek. The elevated pH readings may be
showing the influence of Finley Creek on the aquifer during high flow when these
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Fig. 25. Spatial variability of water chemistry on the Finley Creek site. Units of Specific
Conductance are us/cm.
measurements were taken. It is unclear why conductance values at wells 7 and 10 would
be 10 times greater than other site values. They most likely represent local soil/sediment
heterogeneities or instrument reading errors.
Wetlands
Wetland delineations conducted on the Finley Creek site in 2004 identified
several types of wetlands covering 50 hectares within the site (Figure 26). Wetlands
were delineated using the Wetlands Delineations Manual developed by Corps of
Engineers in 1987. The Finley Creek site was divided into five different wetlands.
Wetland A is shown in red. This is the largest wetland system within the site (46 ha). It
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Fig. 26. Wetland delineations mapped on the Finley Creek Site. Wetland A is shown in
Red, B in blue, C in white, D in green, and E in orange.
is dominated by palustrine emergent wetlands with palustrine scrub-shrub wetland also
being present (CSKT, 2004). Wetland B is shown in blue (1.3 ha) and is a palustirne
scrub-shrub wetland. Wetland C is shown in white (0.32 ha) and is a palustrine emergent
wetland. Wetland D is shown in green (2.4 ha) and is a scrub-shrub wetland. Wetland E
is shown in orange (1.5 ha) and is a palustrine emergent wetland. (CSKT, 2004)
The restoration plan for the Finley Creek site is to re-establish emergent wetlands
in areas that are drained by ditches. The drainage ditch network on the property will be
filled in an attempt to raise that water table. The rise in the water table is expected to
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bring the ground water close enough to the land surface to allow for wetlands plants to
grow.
Results Sque-Que Site
Geologic setting
The Sque-que study site is located on the lower Jocko Fan. Channel and bank
gravels are imbricated, with their long axes normal to the flow direction. Larger clasts
typically have a significantly shorter c axis than the a and b axis.
Fig.27. Locations of domestic well logs used for the geologic cross section at Sque-que
site
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Fig.28. Well log data for selected wells. Locations of cross-section shown on Figure 26
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Domestic wells in the vicinity of the Sque-que site only partially penetrate the aquifer.
Depths are generally less than 30 m (Figure 27).
Well log data suggest that the geology of this site is fairly heterogeneous to 5 m,
in which sand and gravel are dominant (Figure 28). At depths below 5m, silts and clays
become more prevalent. Erosion of the fine-grained Tertiary sediments located on the
valley hillsides has resulted in the interfingering of silt and clay with fluvial gravels near
the valley margins.
Hydrogeologic Setting
A network of 28 monitoring wells (Figure 29), reveals that ground water is
typically 0.5 to 2 m below the ground surface and varied little seasonally (0.2- 0.5 m)
(Figure 30). Continuous water level recorders were placed in the Jocko River and wells
15 and 18. Measurements confirm observed seasonal trends with ground water levels
highest in the spring and lowest in the late summer and late winter (Figure 31). The
pattern mimics seasonal trends of the Jocko River. The exceptions to this observation are
the wells located on the northwest side of the property, (Wells 21, 22, 23, and 24). They
do not follow the river stage as clearly.
An interesting water level pattern developed over the winter months of
2004/2005. Wells 23 and 26 (Figure 32) located 100 to 200m from the river, show a
water level rise over the winter months. Well 23 is located 200 m from the river to the
west and is adjacent to the Tertiary sediments. There is wetland vegetation present near
the well and standing water has been observed during April-July. It is unclear why water
levels rose between mid-November and mid-January.
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Fig.29. Showing the location of monitoring wells on the Sque-que site.
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Fig.30. Water table fluctuations in monitoring wells and the river at the Sque-que Site
Sque-que Continuous Water Level Recorders
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Fig.31. Continuous water level data from the Sque-que site
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Fig.32. Water level responses in the water table for wells 22,23,25 and 26.
Water table levels in the area of drained wetlands still tend to be close to the
surface. Water levels in wells 4, 18 and 21 are very close to the surface (0.2 to 0.6 m
below the land surface) during high water levels in July. Water levels in wells 3 and 19
are located adjacent to the incised Sque-que ditch varied only 0.1 to 0.3 reflecting stable
head observed in the ditch (0.8 to 1.2 m below the land surface).
Water levels in well 6 located on the eastern side of the property appear to be
influenced by ponding associated with a beaver dam on Spring Creek.
Ground Water Flow Analysis
Since the water table elevations are very stable, the potentiometric surface
changes very little from month to month. In the vicinity of P5 it appears seasonal
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changes in ground water discharge in an adjacent abandoned channel have locally
affected ground flow.
The water table position during the month of January is used to represent base
flow condition for the system (Figure 33).
Fig.33. Showing poteniometric map during low water (January 2005). Arrows indicate
direction of ground water flow.
In the spring, this area is receiving additional ground water discharge due to an elevated
water table (Figure 34). (See Appendix C for additional potentiometric maps.
500 m
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Fig.34. Poteniometric map during for June 2004.
Surface Water Analysis
The stage of the Jocko River fluctuates seasonally (Figure 35). The Jocko River
typically undergoes two runoff events, one in early spring, typically in April when the
low elevation snow pack melts, and the second event in late May or early June when the
high elevation snow pack melts (peak discharge). The lack of low elevation snow pack
associated with the drought in the 2003/2004 and 2004/2005 water years resulted in a
subdued early season rise in stream stage.
N
500 m
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Fig.35. Hydrograph of the stage of the Jocko River for 2004-2005, at the Sque-que site.
At the Sque-que site, it is likely that sections of the stream channel where flow
exchanges with the ground water does not change seasonally. At peak flows the Jocko is
most likely loses more water to the floodplain system for a short period of time. The large
stage rise in June of 2005 was a 25-year flood event caused by a rain event during the
peak runoff the 2004-2005 water-year.
Stream Ground Water Exchange
Vertical hydraulic Gradients
Piezometers were installed into the stream bed to depths of (less than 0.5m) and
vertical gradients were measured (Figure 36). Piezometers (1-4) were set up stream of a
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point bar. Piezometer 5 was placed in an abandoned river channel that contained
flowing water north of the river.
Fig. 36. Location of peizometers on the Jocko River and an abandoned channel.
Piezometers 1, 2, 3 and 4 have a consistent downward gradient throughout the
year,(about the same magnitude for wells 1-3) (Figure 37). Piezometer 4 has a large
negative gradient in the spring and the strength of the gradient, this piezometer was
wiped out by high water flows in Late June. Piezometer 5 demonstrates a consistent
positive upward gradient, showing seasonal variations.
Shallow channel piezometers appear to reflect the small scale surface
water/ground water interactions of the river as suggested by Malard et al., (2002). River
water is lost above riffles where stream gradients are steep, down gradient and discharges
at pools back into the river. This is evident in the point bar site where the river head is
100 m
50
elevated in the braided section above the point bar (P1, P2, P3 and P4) and water is
discharging to the pool on the lower end of the point bar.
Sque-que Vertical Hydraulic Gradients
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Fig.37. Showing changes in vertical hydraulic gradient over time.
Piezometers (1-3) demonstrate a consistent downward gradient that varies little
temporally. Piezometer 4 may be reflecting some near shore exchange with the adjacent
point bar during the spring. Piezometer 5 seems to verify field observations that ground
water is discharging into this floodplain depression. (Appendix D)
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Site:
Q
(m3/s)
Error
(m3/s)
Net Gain or
Loss (m3/s)
Spring Creek 1 (Spc 1) 1.20 0.12
Spring Creek 2 (Spc 2) 0.57 0.06 *Loss 0.63*
Jocko Side Channel (Js) 0.99 0.10
Spring Creek (Spc3) 1.16 0.12 Loss 1.0
Site
Q
(m3/s)
Error
(m3/s)
Net Gain or
Loss
River 1 (Jocko at Kick net 2 post) 5.76 0.58
add squ-que ditch 0.19 0.018
River 2 (Jocko at Well 16) 6.01 0.60 Gain 0.5
add spring creek 1.16 0.12
River 3 (Jock below confluence w/spring
Cr) 6.71 0.68 Loss 0.46
Table 1: Stream gauging results 6/20/04 showing three gauging sites throughout the
study site and the influence of tributaries
Stream Discharge Measurements
Stream discharge was measured at three locations on the Jocko River and Spring
Creek, and two other locations, the Sque-que ditch (input) and the Jocko River Side
channel (Figure 38). The results show that the Jocko River is receiving inputs of surface
water throughout this reach. Though, only one measurement (River 3) (below the
confluence with Spring Creek) indicated a small loss of surface water to the ground water
system. Major inputs of ground water and/or losses of stream flow were not detectable
(within the margin of error).
The results show that Spring Creek loses and gains flow throughout the study site.
Based on the review of field data it is possible that there is error in the Spring Creek 2
measurement. I believe there is error in this measurement because it indicates that Spring
Creek losses half of it volume at Spc2 in contrast to the measurements made recorded at
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Fig.38. Location of stream gauging on Jocko River, Spring Creek and tributaries.
Spc1 and Spc3. The loss seems inconsistent with the channel bed characteristics (fine
grained containing silt and clay) (Table 1) also, the low width to depth ratio of the
channel would make this dramatic loss of water evident to the observer. Field
observations of flows at other times of the year do not suggest a noticeable change in
stream flow occur. I believe that Spring Creek maintains its volume until it merges with
the Jocko River side channel. Spring Creek (1.2 m3/s) and a Jocko side channel (0.99
N
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m3/s) merge in the riparian wetlands in the northern section , Spring Creek was gauged
below this confluence at 1.2 m3/s. This suggests a creek flow loss of 1.0 m3/s. In this
portion of the floodplain, creek water may be discharging to nearby wetlands. The error
associated with measurement is small compared to the large loss of water in the Jock Side
channel/ Spring Creek area, giving reasonable confidence that this loss is occurring.
The Jocko River is flowing at 5.8 m3/s near the southern boundary of the study
site (Jocko River 1). A second discharge measurement was made (Jocko River 2) (6.01
m3/s) below the confluence of the Sque-que ditch (0.19 m3/s). No measurable gain in
stream flow was detectable. A third measurement was taken below the confluence of
Spring Creek/Jocko side channel (Jocko River 3, 6.71 m3/s). The input of Spring Creek
was (1.16 m3/s). The results show the Jocko River is apparently still losing water to the
associated hyporheic ground water system (0.46 m3/s +/-0 .67 m3/s).
The Jocko River gains surface water from Sque-que ditch, the north drainage
ditch and Spring Creek. Water delivered to the Jocko River from these ditches is ground
water drained from the aquifer. Surface water is also gained from the riparian wetlands
on the northeast side of the river. The gain in surface water is significant. When the Jocko
leaves the study area the flow is increased by 50 percent (+/- 10%).
Evidence from water chemistry, vertical hydraulic gradients and temperature data
suggest there is surface water/ ground water exchange occurring, however, the net
exchange results is a slightly greater movement of river water into the hyporheic system
than ground water flow into the river.
Ravalli Canyon is located about 1500 meters below the study site and is believed
to be a zone of ground water discharge. Another set of discharge measurements was
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made in September of 2005 in an attempt to pinpoint the suspected area of groundwater
discharge below the study site. However, discharge measurement indicated that 800 m
below the site the Jocko River still does not receive measurable ground water (+/-10 %
error).
Ground Water and Surface Water Chemistry
Dissolved oxygen is considerably higher in surface water ranging from (9.9 to 10
mg/l) than ground water (1.5 to 6.4 mg/l) (Figure 39). Surface water pH ranges from (7.7
to 8.0) while that of ground water ranges from (7.0 to 7.4). (See Appendix E for
additional chemistry data).
Ground water wells located closer to the river showed higher DO readings than
ground water located farther away from the river (Figure 40). These data are consistent
with the concept that hyporheic flow path lengths reduce dissolved oxygen
concentrations observed in ground water (Malard et al., 2002) (Dahm and others 1998).
Wells 8, 9, 11, 14 and 17 show elevated DO and pH. These wells are located in
close proximity to each other and within 5 m of the river. The river is most likely losing
water to the subsurface and influencing these wells by increasing the amount of DO and
raising the pH. Well 16 is located down gradient of wells 8, 9, 11, 14 and 17 but is at the
very end of the same point bar. The values of DO and pH are considerably lower in well
16 than other wells. These values suggest the possible influence of ground water with
longer flow paths being intercepted by this well. The low DO and pH recorded for a
spring discharging near well 16 suggests possible floodplain ground water is discharging
to the river at the lower end of the point bar.
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Fig. 39. General water chemistry at Sque-que Site. Units: Do (mg/l), Spc (us/l)
Potentiometric maps suggest river water is entering the upper end of the point bar
and flowing parallel to the river. Maps also suggest that ground water is flowing towards
the lower end of the point bar from the southeast. These flowpath seem of correlate with
observed variation in ground water chemistry found within the point bar.
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Figure 40. Dissolved Oxygen (DO) and pH Plotted as Distance along a Flow path
through the point bar.
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Hydraulic Properties of the Sediment
The result of slug tests conducted on the Sque-que property show spatial
variability in hydraulic conductivity (Figure 41). The majority of the wells had similar
conductivities of ~200 m/d. Low hydraulic conductivities of 1 to 2 m/d most likely
reflect local aquifer properties at sampling sites. (Appendix F).
Fig .41. Showing location and average hydraulic conductivity (m/d) for selected wells
500 m
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Hydraulic conductivities in the Jocko Fan have been reported to be 81m/d by
Thompson (1988) and 16 m/d by Makepeace (1989). Fetter (2001) reports that K values
for sorted gravel deposits can range from 8 to 860 m/d.
Estimates of the stream bed hydraulic conductivity derived from the Hvorslev
method for the Jocko River were 26 m/d and 4.6 m/d for the bed of Spring Creek. The
stream bed of the Jocko River appears to be composed of similar grain sizes found
elsewhere within the study site. The sediments in Spring Creek are fine grained and
installation of instruments was difficult.
Bore Hole Dilution
Bore hole dilution tests were conducted on a selected point bar to examine local
variation in the ground water flow (Figure 42). Though by Lamontagne et al. (2002)
suggests apparent borehole velocities should be corrected using an alpha value of 2.
Fig. 42. Map showing spatial variability in borehole velocity results (m/d).
50 meters
3.2
14.4
4.8
25.2
6.2
12.9
5.0
20.9
17.2
9.36
1.7
59
Diehl, ( 2004) found that for a gravel floodplain sediment a value of 10. The velocity
data ranges are 1.7 m/d to 25 m/d with the average being 11 m/d. Computed velocities
ranged within an order of magnitude for all but one test. The variability in velocity
measurements is likely due to heterogeneities within the point bar. Though tests located
within 2m of the river tended to be higher than sites farther away. The alluvial deposition
has left a complex stratigraphy of cobbles, gravel, sand and silt; coarse and fine grained
sediments are complexly interbedded. Using the observed ground water gradient, an
estimate of 0.2 for porosity and an i of 0.0048, computed K values range from 32 to 1050
m/d. (Appendix G)
Heat Transport Modeling
VS2DHI, the energy transport model for variably saturated porous medium
(USGS, 2003) was set up to examine observed heat and water transport through the
gravel bar, and as a second method to estimate the magnitude of local hydraulic
conductivities. The model was developed to represent the river channel and a 2-D slice
of five horizontal meters of the point bar. Model parameters obtained from field data and
literature estimates included longitudinal and transverse dispersivity, heat capacity of dry
soils, thermal conductivity of sediment at residual moisture content, thermal conductivity
of sediment at full saturation and the heat capacity of water (Table 2) (Constance et al.,
2003). (Appendix H)
Boundary conditions were set to no flow except for the boundary at the bottom of
the river; inflow and outflow boundaries were represented as head and temperature
dependent (Figure 43). The top boundary (land surface) was represented by a no-flow
boundary where temperature is specified for each recharge period (simulating advective
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inputs). Surface condition data were obtained from the AGIMET Station in St. Ignatius
approximately 6 km to the north. (Temperature recorded 5 cm below the surface).
(Appendix I)
The diurnal heating and cooling signals for the Jocko River, were used as a
thermal source term. Internal model temperatures where evaluated after a 25 day
conditioning period.
Parameters (units) Medium Sand Fine Sand
Kzz,Khh 1 1
Sat Khh (M/D) 400 2.1
Ss 0 0
N (m3/ m3) 0.375 0.377
RMC (m3/ m3) 0.02 0.072
Alpha (per/meter) 0.431 1.04
Beta (dimensionless) 3.1 6.9
Long Dispersivity (m) 1.0 1.0
Trans Dispersivity (m) 0.1 0.1
CS (J/m3 ºC) 2,700,000 2,700,000
KTr (W/m ºC) 17,280 17,280
KTs (W/m ºC) 172,800 172,800
Cw (J/m3 ºC) 420,000 420,000
Table. 2 List of Flow and Transport Parameters.(Appendix H for definitions).
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Fig .43. Figure showing Model drawing, blue lines show boundary conditions with head
and temperature inputs. Initial moisture and temperature lines are also visible.
Observation wells are brown circles.
In an attempt to calibrate the models thermal response of ground water an
observation point was created to mimic well 8 (located 1 m from the river) observed
temperatures were compared to model results. Running the model at different hydraulic
conductivities (range of values of 100-700 m/d) yielded varied temperature responses in
observation wells within the model. Model results indicate that ground water located (0
and 1.3 m) from the river were typically colder than ground water wells located farther
from the river (>1.3m). Model runs using K=500 to 600 m/d produced temperature
responses similar to those observed at well 8 (Figures 44).
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Fig .44. The temperature graph for a hydraulic conductivity of 500 m/d
Modeling showed that conductive heating of the near surface sediment increased
the temperature of the shallow ground water as it traveled away from the river. The
model always over predicted the high or low temperature at some point throughout the
25-day run. In general temperatures of the last two days of the 25-day conductance
period yielded temperatures that were similar to field data. The model indicates a higher
hydraulic conductivity than slug tests results, but is well within an order of magnitude of
these tests.
Point Bar Study Site
Temperature data were also used qualitatively to examine the exchange of river
water with the floodplain. Locations of wells on the point bar study site with temperature
monitoring equipment is shown in (Figure 45). Previous studies have demonstrated the
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difference in temperature regimes between short and long flow paths of ground water
receiving river leakage, a conceptual model has been generated (Figure 46). The
temperature of the Jocko River fluctuates daily and seasonally (Figure 47 and 48). Daily,
the Jocko reaches its peak temperature in the late afternoon and its coldest temperature
early in the morning. The Jocko River’s temperature varies seasonally with a low
temperature of about 7ºC and a summer maximum of 15 ºC.
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Fig. 45. Well locations with temperature buttons on the point bar study site and Flood
50 meters
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Fig.46. Illustrating differences in temperature regime between short and long flow paths
surface water entering the ground water system.
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Fig. 47. Jocko river temperature
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Fig.48. Daily temperature fluctuation of the Jocko River in late July and August.
plain. The direction of river flow and ground water exchange is marked with arrows.
Location shown in red in upper right hand corner.
For example ground water in wells located on the point bar responded to the influence of
river water (temperature signals) in three different ways:
1) Diurnal temperature signals were reflected throughout the entire depth of
the well.
2) The influence of colder (longer flow paths) regional/local ground water
would mute or overcome temperature signals from the river throughout the
entire depth of the well.
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3) Diurnal temperature signals were observable to a depth at which the
regional/local ground water would mute or overcome these temperature
signals
When the vertical position of ibuttons are normalized as a depth below the water
table, and plotted against the temperature of the Jocko River (Figure 49,50,51).
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Fig. 49 Temperature of selected point bar wells plotted as 0.7 to 0.9m below the water
table.
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Tempurature 1.5 to 2.0 m below WT
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Fig. 50 Temperature of selected point bar wells plotted as 1.5 to 2.0m below the water
table.
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Fig.51. Temperatures of point bar wells 2.0 to 2.6 m below the water table.
70
The abovementioned temperature signal responses are evident. Examples are
wells 14 and 18.5, located within 3 m of the river and show diurnal fluctuations
throughout the entire depth of the well. Wells 11 and 17, located within 10 m of the river
respond to seasonal temperature changes in the river. However diurnal temperature
signals are not present.
Directly above the point bar, the river channel makes a sharp turn. The river water
stage on the cut bank becomes elevated because of the sharp turn (Figure 52). The
location and rate of movement of river water into the bank ground water system is
influenced by highly variable aquifer properties of this material. This is seen in the
response of wells 8 and 9 located 1 m apart and within 1 m of the river.
Fig. 52. Conceptual model of flow through cut bank into adjacent point bar.
Well 8 responds almost instantaneously to changes in river temperature at 2.07 m
below the water table, suggesting rapid movement of ground water in this zone.
However at 0.59 m below the water table the same response is delayed by up to 5 days,
(lower ground water velocity) (Figure 53). Interestingly, though the temperature response
is delayed 5 days, there is not a dramatic loss of heat.
The temperature signal response at well 9 is delayed at both depths of 0.24 m
and 1.96 m. The delay is 2 and 5 days, respectively (Figure 54). The temperature is
Wells 8 &9
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Fig. 53. Variation in temperature signals from the Jocko River in Well 8.
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Fig. 54. Variation in temperature signals from the Jocko River in Well 9.
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muted up to 1.2 ºC at 0.24m and 2 ºC for 1.96m. This suggests the ground water flow
rates through the aquifer are measurably different.
Lunt and Bridge (2004) have document “open frame-work gravels” in
alluvial gravel river systems. These “open frame-work gravels” are similar to what is
found at 1.96 m below the water table in well 8. The difference in temperature travel
times vertically between wells 8 and 9 and the close horizontal position between these
wells is an example of the heterogeneity of the sediments at the Sque-que site.
Well 16 (1 meter from the river) is an example of ground water influenced by
surface water near the water table and regional ground water at greater depths (Figure
55). Deeper ibuttons show no influence of the Jocko River water but instead show a
consistent cold temperature regime with a gradual increase in temperature over the
summer season. These colder and consistent temperatures are not reflected anywhere
else within the point bar, however, these temperatures are comparable to temperatures
found in wells influenced more regional floodplain ground water.
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Fig. 55. Three temperature profiles of well 16 located 1 m from the Jocko River, with the
temperature profile of well 18 inserted for a reference of regional ground water
temperature. Notice the similarity between the temperatures of well 18 and the lowest
two buttons of well 16.
The response of these point bar wells to temperature signals from the Jocko River
gives further evidence that distribution of aquifer properties is complex on a floodplain
setting.
Water Balance for the Sque-que site
Precip + Sw (in) + drainage ditches (Sw in) + Gw (in) = Gw (out) + Sw (out) +
ET +/- ∆S
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IN Quantity
Ppt 0
Sw 501,000 m3/d+104,000 m3/d=604,800 m3/d
Drainage ditches (Sw in) 26,000 m3/d
Gw 71,000 m3/d
Total 702,000 m3/d
OUT Quantity
Sw(out) 596,000 m3/d
Gw(out) 53,000 m3/d
ET 2,800 m3/d
Total 652,000 m3/d
Difference 50,000 m3/d
Table 3: One day water balance at the Sque-que site.
Generating a water balance for the Sque-que site quantifies the principal sources
of water contributing to the sites hydrologic system. This water balance was calculated
for a day at the Sque-que site (Table 3). Surface water entering the model includes the
Jocko River (501,000 m3/d) and Spring Creek (104,000 m3/d). Stream discharge data
collected from the site is used for these parameters. Ground water entering and leaving
the site is estimated using Darcy’s Law (K= 185m/d, i= 0.006, and A=48,000m2 for the
northern boundary of the study site and A=64,000 m2 for the southern boundary). Error is
taken into account for all aspects of calculating this budget (Table 4).
The Jocko River is the only source of surface water leaving the site. Drainage
ditches are considered ground water removed from the system (Gwout). Thus lateral
ground water leaving the site boundary is less than the water entering the site as some
ground water has discharged to the river. As no evapotransperation data were derived at
the site, the ET for mixed grass, wetland and cottonwood/willow setting was
approximated (maximized) by representing the sites wetland acreage as alfafa (Agrimet
station located in St. Ignatius). Precipitation was not a factor in the water balance as it did
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not rain during the water balance period. No change in water storage was assumed to
occur over the one day balance. Total inflows of 676,000 m3/d and outflows were
678,000 m3/d ( error +/-100,000 m3/d)
Table. 4. Showing error associated with ground water budget calculations.
Ranges of values within the error of measurements and estimations.
Wetlands
Wetland delineations conducted on the Sque-que site in 2004 have identified two
types of wetlands (Figure 56). The Sque-que site contains palustrine emergent and
palustrine scrub-shrub wetlands (CSKT 200). Water table depths below the land surface
have been plotted to illustrate how drainage ditches likely impact site wetlands systems
Ground Water Budget Error
Analysis
Error Quantity
Precipitation n/a n/a
K +/- 100% 1.85 to 370 m/d
Ground Water (In) 710 to1.62*10^5
m3/d
Ground Water (Out) 532 to 1.06*10^5
m3/d
Surface Water (In) 5 % 23,773 to 26,277
m3/d
Surface Water (Out) 5 % 28,313 to 31,298
m3/d
Evapotranspiration n/a n/a
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Fig.56. Wetlands located on the Sque-que site, palustrine emergent wetlands are in Blue
and palustrine scrub-shrub in red.
(Figure 57). The CSKT site restoration plan is to re-establish emergent wetlands in area
in which drainage ditches are present. This will be accomplished by filling the ditches.
The levies on the Jocko River will also be removed to allow the river to more naturally
interact with its floodplain.
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Fig.57. Water table level present as depth below surface in area of drained wetlands.
Ground Water Modeling
The ground water modeling effort focused on representing the current system
with its anthropogenic alterations. This model was intended to reasonably represent the
current ground water/surface water exchange rates within the site. Once a steady state
calibrated model was developed, it was altered to examine how the ground system would
respond without the presence of the current drainage ditches.
A four layer 3D steady state ground water model was developed using Visual
MODFLOW 3.1 (Waterloo Hydrogeolgic, 2000). A site map was imported into
MODFLOW to facilitate grid construction and observation well placement (Figure 58).
The model dimensions are 1500m x 910m. The grid spacing of the model was set up so
each cell is approximately 600 m2.
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Fig.58. Showing map, grid spacing and model boundaries of Sque-que ground water
model.
Aquifer Boundaries
The surrounding Tertiary sediments to the north and south define the lateral edges
of the alluvial aquifer and are represented as no-flow boundaries, these sediments are fine
grained, and local domestic well logs indicate they are not productive water sources
(Figure 59). The bottom of the aquifer was estimated to be 99m at the south boundary of
the study site and it thins to 60 m at the northwestern model boundary (Thompson 1988).
The model was divided into four layers with the base of the first layer being 9 m below
the land surface. The thicknesses of the next three layers were set at 9, 13 and 30 m
respectively. As the water table is within two meters of the land surface and uncertainties
N
300 m
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exist about ground water flow and aquifer properties in the deeper portion of the aquifer,
The model was not specifically calibrated to heads in the deeper layers.
Fig. 59. River cells are in Blue, Drain cells are Grey, the General head boundary is
Green and the Constant head boundary is Red.
Ground water enters the model through the southeast boundary. A general head
boundary was used to represent this area (852 m). The north boundary is represented by
a constant head boundary set at 844 m (an equipotential line).
The Jocko River and Spring Creek are represented by river cells (river package).
The elevations of these cells were set based on field data. An abandoned channel of the
Jocko River and a diversion of Spring Creek created by beavers are also represented by
river cells. Conductance of the river cells were computed using estimated streambed
hydraulic conductivity (K), stream width (W), thickness of streambed (M) and reach
length (L).
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C = L*W*K/M
The streambed hydraulic conductivity was assumed to be 10 % of the hydraulic
conductivity of the sediments in the aquifer, 18 m/d. This is supported by streambed slug
tests.
Drainage ditches are represented by drain cells set at the surveyed ditch elevations
and locations. The conductance of the drain cells are assumed to be representative of the
local aquifer properties (conductivity) and are a lumped coefficients.
The aquifer properties assigned to the model were determined by field data and
information obtained from literature (Figure 60).
Fig. 60. Showing the distribution of hydraulic conductivities for the model. Green = 210
m/d, Gray = 25 m/d, Maroon = 210 m/d.
Two zones of hydraulic conductivity were assigned to each model layer, (185 m/d) in
zone 1 and (25 m/d) in zone 2. The high K zone represents the general properties of the
sand and gravel sediment that dominate the site. The lower K value was applied to assist
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in calibration and represents the presence of sediment that is more heterogeneous and/or
fine grained than that of the gravel dominated portion of the site. Vertical hydraulic
conductivity values were assigned to 10 percent of the horizontal values as it was
assumed layered fluvial sediments would restrict vertical flow. Values of storage and
porosity were estimated from the literature. Specific storage (Ss) was set 1E-5, specific
yield (Sy) was set to 0.2, effective porosity was set to 0.2 and total porosity was set to 0.3
(Fetter, 2001).
Ground Water-Surface Water Interaction
Stream discharge data indicated that the Jocko River does not show a net gain or
loss of discharge within the study site. Small-scale interactions are occurring which have
been documented by vertical gradients, ground water chemistry and temperature data. A
major zone of ground water discharge within the site appears to be an abandoned river
channel area near P5.
Evapotranspiration was calculated for the Sque-que site, the value obtained is
small being less than 1 % of the total volume of water flowing through the site. Since the
balance is calculated for a one day period ET is assumed not to affect the surface water or
ground water balance over this time period.
Calibration
The steady state model was calibrated to represent field-determined estimates of
flux rates and to match the water table heads. The mid summer potentiometric surface
(July, 2004) was used for calibration. At this time ground water levels are critical to
maintaining wetlands. Since the water table shows only minor annual fluctuations, it is
considered a reasonable representation of ground water conditions over most of the year.
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Model flux rates into and out of the model were compared to those calculated
based on field observations (Table 6). Flux rates for river and drainage ditch gains and
losses, were also compared to estimated rates.
Model Results
Modeled heads were matched to observed heads at 28 observation wells (Figure 61). The
maximum residual error was -0.7m, the minimum residual error was -0.003 m
Fig .61. Head calibration with ditches.and the mean residual error was -0.07 m.
Absolute residual mean error was 0.28 m.
84
Heads on the southwest side of the property proved to be the hardest to calibrate
with the head simulations being on the order of a meter low. The drainage ditches
influenced measured values and this effect may not be fully represented in the model.
Model flux rates through the system resemble field-calculated estimates. Table 5
below shows the comparison of modeled fluxes and field calculated flux estimates.
GROUND WATER BALANCE: Cumulative Volumes m3/d with ditches.
IN: (m3/d) Model Calculated Volumes + Error Range
Storage 0 0
Constant Head 0 0
Wells 0 0
Drains 0 0
Recharge 0 0
ET 0 0
River leakage 91,740 0
General Head 89,681 71,062 (710 to 162,000)
Total 181,421 71,062 (710 to 162,000)
OUT: (m3/d) Model Calculated Volumes + Error Range
Storage 0 0
Constant
Head
39,866 53,280 (532 to 106,000)
Wells 0 0
Drains 34,729 25,920 (24,000 to 27,000)
Recharge 0 0
ET 0 0
River leakage 105,281 0
General Head 1,521 0
Total 181,399 79,200 (24,500 to 133,000)
Table: 5 Ground water balance comparison.
The rate of river leakage out of the model is high but reasonable when compared
to river discharge measurements made in the field. The model predicts river cells are
losing 92,000 m3/d and gaining 105,000 m3/d . This indicates an overall loss water from
the aquifer but this would not be detectable within the error of field stream discharge and
85
ground water flux measurements. The error associated with stream discharge
measurements is estimated at 10% of the total discharge.
Zone budget analysis was used to ensure that the model is making reasonable
representations of gains and losses of ground water at identifiable locations and/or
reaches (Figure 62). Below are model observations determined through the use of zone
budget analysis.
Fig. 62. Zone location for zone budget anaylsis. The Jocko River is Zone 2.
The model predicts the Jocko River is gaining 3,000 m3/d and losing 35,000 m3/d.
This loss of water is not detected by discharge measurements (this value is less than 10%
of the river’s flow). The same holds true for the small gain that is predicted. The model
is considered a reasonable representation of the ground water and surface water
interactions.
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River cells are used to represent an abandoned channel of the Jocko River which
is acting as area of ground water discharge. The model appears to be over estimating the
amount of ground water discharge to this area (98,000 m3/d) but it reasonably represents
the local conditions. Exact discharge measurements have not been made on this channel
because flow is diffuse, though field observations suggest that flow may be closer to
20,000 m3/d.
The model makes a very reasonable representation of the amount of water
captured by the drainage ditches (35,000m3/d). Field calculations predict that drains
remove about 26,000 m3/d.
When the model was altered to remove the drainage ditches, there were some
changes in boundary flux rates and calibrated head statistics. (See Appendix J for Well
head calibration and Mass balance data). The general ground water flux at the up gradient
general head boundary was reduced. In addition the removal of the ditches increased the
amount of surface water loss from the Jocko River, (an increase of 10,000 m3/d). Ground
water leaving the site increased by 63,000 m3/d. Ground water leaving the model is
increased because 35,000 m3/d is not being captured by ditches and 20,000m3/d of water
is lost to the ground water system from the Jocko River. These data imply that there will
be more ground water flowing through the subsurface which would result in a rise in the
water table.
Interactions between the river and the alluvial aquifer/wetlands on the northwest
side of the river also changed with removal of the ditches. These changes are relatively
small but are worth mentioning. Zone 15 (Figure 62) is losing 1,100 m3/d less water to
river. Downstream in zone 14 the river has switched from gaining to losing, with zone 14
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losing an additional 1,500 m3/d to the Jocko River. With ditches present, zone 14 was
gaining 2,300m3/d from the river. The reversal of flow in zone 14 could also be
attributed a rise in the water table, creating a reversal in gradient between the river and
aquifer (in zone 14) resulting in the discharge of ground water to the river. The amount of
water involved in the ground water reversal is ≤1% of the river’s flow.
When the model was run without the drainage ditches there was a rise in elevation
of 0.2m in all wells located near the ditch. A small change in equipotential lines was
evident on the south side of the model where the ditches were located. The equilpotential
lines moved up gradient to reflect the increase in the water table elevation.
Sensitivity analysis is needed to assess uncertainties in the numerical model
including how variations in hydraulic properties and river leakage would impact results.
Sensitivity analysis will give the modeler more confidence about the magnitude of
ground water response resulting from the removal of the drainage ditches.
Finley Creek Discussion
The Finley Creek site contains a considerable amount of functioning wetlands
located on the north end of the property where ground water discharge is sustaining
wetlands. Some riparian areas near the stream channel are still functioning wetlands
though these areas are relatively small.
Most wetlands located within the Finley Creek Site are fed by ground water.
Riparian wetlands located near both branches of Finley Creek are fed by surface water
and shallow ground water.
Wetlands dependent on ground water discharge are most affected by the presence
of drainage ditches. Water is present in all drainage ditches throughout the site, indicating
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that these ditches are functioning as zones of ground water discharge. The reduction in
the position of the water table near drainage ditches has reduced the amount of naturally
functioning emergent wetlands. Hydric soils are present in locations where wetlands
existed previously. Restoration appears to be favorable in areas located near drainage
ditches because of the presence of hydric soils, which would provide a foundation for
restored wetlands. Ground water discharge to ditches suggests that when ditches are filled
that ground water that would of discharged to the ditch will now raise the position of the
water to near the land surface.
Finley Creek has two stream channels throughout the study site. Considerable
amounts of surface water and ground water are flowing through the site. Wetlands that
depend on the loss of surface water from Finley Creek will be harder to restore because
of observed channel incision. The local water table has been influenced by this
geomorphic change as well as the degree of surface water/ ground water exchange.
Restoration of Finley Creek to raise the streambed elevation would help support
riparian wetlands and would benefit exchange processes between the creek and the
shallow aquifer. The near surface aquifer would receive recharge over a larger more
diverse area and most likely would lend additional support to near stream emergent
wetlands. A more detailed hydrologic analysis is required before additional restoration
actions are undertaken to assess the hydrologic response.
Sque-Que Discussion
The Sque-que site is located at the distal end of the Jocko Fan. The original
conceptual model of floodplain ground water and surface water interactions at the Sque-
que site was dominated by the geological constraints placed on the fan by its proximity to
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Ravalli Canyon. It is thought that the Jocko Fan thins as it approaches Ravalli Canyon,
this thinning of the fan would cause ground water discharge to the surface. This
hypothesis was never validated with stream discharge measurements at the Sque-que site.
Instead stream discharge measurements indicated that the Jocko River is gaining surface
water through the site but no net gain of ground water was detected within the error of
stream discharge measurements.
The sediment package of the lower Jocko Fan is composed of a complex inter-
fingering of silts, sands, gravel and cobbles. Field tests to determine the hydraulic
properties of these sediments indicate that the hydraulic properties are spatially variable
with up to a two orders of magnitude change in properties over small scales (such as two
meters). These dramatic changes in hydraulic properties are a challenge for
hydrogeologist to quantify but are essential to the ecological health of site (Woessner
2000). Studies by (Lunt and Bridge, 2004) have also document complex depositional
environments in alluvial braided gravel rivers. Spatial variability in grain size,
permeability and porosity have been documented by Lunt and Bridge, (2004). Malard et
al., (2002) and Deihl (2004) have documented spatial variability in hydraulic
conductivity with values ranging from 1 to 3 orders of magnitude in fluvial settings.
Temperature records also support the complex geological framework and ground
water movement (Constance and Stonestrom, 2003). Allander (2003) has observed
diurnal temperature signals in shallow ground water up to one meter below the
streambed. Temperature has also been documented as a tracer for identifying surface
water/ ground water exchange (Constance and Stonestrom, 2003). The abovementioned
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work of others supports the complex geological framework and complex surface
water/ground water interactions that have been observed at the Sque-que study site.
Surface water and ground water exchange is occurring at the Sque-que site. The
magnitude of the exchange is small, with a short residence times and is not detectable
with stream discharge measurements. These exchanges are thought to be occurring river
wide and at a river wide scale the amount overall exchange could be large. The position
and slope of the channel bed relative to water table position and the stage of the Jocko
River most likely driving these interactions. Studies by Malard et al., (2002) and Simonds
and Sinclair (2001) have documented vertical hydraulic gradients in alluvial rivers
similar to those observed at the Sque-que and Finley Creek sites. Both have documented
sub-reaches that are gaining and losing water.
Riparian wetlands located near the Jocko River are fed by surface water and
ground water. Historically channel meandering was most likely frequent. The common
lateral migration of the active channel would leave a scoured topography with areas
below the water table that would function as wetlands.
Functioning wetlands on the Sque-que property are located mostly in areas of
ground water discharge in abandoned channels of the Jocko River. There is also a large
area of functioning shrub-scrub wetlands located on the northeast side of the property.
These wetlands are located in areas of scoured topography near the Jocko River.
Emergent wetlands located on the northwest side of the property have been severely
degraded and only a small area of functioning wetlands remains.
The Jocko River has experienced some incision but the elevation of the streambed
has not been dramatically lowered, however it appears that river has been partially
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separated by levees from a large portion of its former flood plain. The Jocko River is
currently supporting wetlands in several areas, even though the channel has been
straightened and incised.
Planned removal of levees would allow the Jocko River to migrate laterally
throughout the site decreasing is slope and widening its floodplain again. This will also
help promote near channel wetlands and abandoned channel wetlands habitat.
The shallow underlying aquifer is prolific and it supports some wetlands
hydrology. The CSKT have mapped several areas of hydric soils on the site (Figures 54
and 9). Once rewetted, hydric soils would help maintain wetlands hydrology.
Modeling suggests that when drainage ditches are filled on the western side of the
property the water table should rise. There is a large amount of water discharging to
these ditches. The water table is commonly within 0.2 m of the surface for a few months
of the year (Figure 57). The ground water model predicted a 0.2 m +/- 0.2 m rise in the
water table in this area using mid-summer water levels. It is likely that such an increase
in the water table would recreate historical emergent wetlands. Additional sensitivity
analysis is need to evaluate model predictions.
This preliminary evaluation supports wetlands restoration at both sites. It appears
attempts at restoration will raise local water tables, an important component of wetland
restoration.
Conclusions
This work suggest that hydrogeologic settings at both sites currently support
wetland systems and that proposed restoration plans will most likely enhance conditions
favorable for additional wetland development. Specifically, it is concluded that
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At the Finley Creek site:
1. Confinement of the Finley Creek Fan results in ground water discharge to land
surface in the northern portion of the study site.
2. Finley Creek is the major surface water feature at the study site. Though incision
is present on site, interactions with the ground water system suggest that Finley
Creek influences the position of water table within riparian areas.
3. Drainage ditches are present in areas where ground water is near the surface (less
than 1 meter). It is apparent that the position of the water table has been reduced
where drainage ditches are present. Filling of these ditches with soil should result
in a rise in the position of the water table.
4. An elevated position of the water table, should lead to the re-establishment of
emergent wetlands in areas near the removed drainage ditches.
At the Sque-que Site
1. Ground water flow and the position of the water table have been consistent over
the course of the study.
2. The Jocko River does not appear to be a major source of recharge for the ground
water system or a reservoir for ground water discharge on site. Which is contrary
to the initial conceptual model of ground water/ surface water interaction within
the site.
3. Small scale interactions between the Jocko River and the alluvial aquifer suggest
that complex conditions exist on site. Complexities of aquifer properties and
ground water/surface water interactions are consistent to other studies in western
Montana and on coarse grained alluvial systems.
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4. Drainage ditches on the western portion of the property have decreased the
position of the water table. This area affected by the presence drainage ditches is
thought a favorable for restoration of emergent wetlands.
5. With the removal of levees, later migration and re-connection of the Jocko River
with its floodplain, is thought to also provide favorable conditions for restoration
and re-creation of emergent wetlands habitat.
6. Ground water modeling of the Sque-que site gives insight about response of the
water table to possible restorations efforts. Uncertainties about aquifer properties
lead to assumptions within the model. Further sensitivity analysis is needed to
further asses to the effects of hydraulic properties of the aquifer on the position of
the water table.
In conclusion wetland systems are highly complex and understanding the hydrogeology
and hydrology that sustains these systems is crucial to developing a sound, scientifically
based approach to restoration/re-naturalization.
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Appendix: A
Formulas for determining stream velocity and discharge:
Velocity formulas: Q= Discharge (cms)
Price AA current Meter: V= Velocity
V= Rev/Time x 2.170 + .030 vn=vl= velocity
Price Pygmy Meter: b(x-1)= distance from initial
V= 0.977 Rev + 0.028 point to preceding location
Discharge formulas: b(x+1)=distance from initial
Beginning and Middle Stations: point to next location
Q= vn[b(x-1)-b(x+1)/2]dx dx = depth of water
End Station:
Q= v1 [bn- b(n-1)/2]dn
Appendix: B
Finley Creek General Water Chemistry Taken on 6/25/04:
Site pH
Conductivity
µs
Ground Water
well 1 7.34 119.5
2 7.76 139
3 7.04 171.7
4 7.05 201
5 7.62 183.1
6 7.85 281
7 7.77 1700
8 7.45 140.7
9 7.24 443
10 7.22 2140
11 7.04 297
12 7.42 77.8
13 7.08 165.3
Surface Water
finly ford 8.1 118.5
sw corner standing
water 7.32 371
nw corner standing
water 7.04 310
finly creek near well 7 7.67 115.5
finely creek near staff 2 8.1 132.1
Appendix C
Potentiometric Maps
June of 2004 potentiometric map of the Sque-que site.
Contour lines are labeled in red in meters, Red dot indicated the location of monitoring
well and well numbers are in black.
January of 2005 potentiometric map of the Sque-que site. Contour Elevations are labeled
in Red and meters.
Appendix: D
Vertical Hydraulic Gradients:
Vertical hydraulic Gradients
VHG = ∆h/∆l 
∆h is the head difference in water levels inside and outside the of the piezometer.  .
∆l is the depth of the streambed surface to the top of the screened interval
Finely Creek Site
L= 1.0 ft
Piezometer Date
5/7/2004 6/3/2004 17-Dec
in out
1 3 2.15 2.62 2 2.69 2.6
2 2.45 2.98 2.45 2.85 2.35 2.8
3 2.49 2.33 2.27 2.2 2.21 2.4
Finley Creek Vertical Hydraulic Gradients
5/7/2004 6/3/2004 12/17/2004
Piezometer Gradient
1 -0.85 -0.62 -0.09
2 0.53 0.41 0.45
3 -0.16 -0.07 0.19
Sque-que site
L= 1.0 ft
Piezometer Date
5/7/2004 6/3/2004 17-Jun 7/14/2004 1-Apr
in out in out inside outside in out in out
1 1.9 1.82 2.33 2.1 2.3 2.2 1.8 2 1.9 1.7
2 2.75 2.64 2.6 2.42 2.5 2.42 2.84 3.05
3 2.35 2.32 2.2 2.1 2 1.85 2.37 2.32
4 2.66 1.97 2.32 1.85 2.2 1.75 2.21 1.94
5 2.52 2.95 2.6 2.9 1.98 2.14 2.4 2.15 2 2.27
Date 5/7/2004 6/3/2004 6/17/2005 7/14/2004 4/1/2005
Piezometer Gradient
1 -0.08 -0.23 0.1 -0.2 0.25
2 -0.11 -0.18 -0.2 -0.21 Lost
3 -0.03 -0.1 -0.2 0.05 Lost
4 -0.69 -0.56 -0.45 0.27 Lost
5 0.43 0.35 0.16 0.25 0.27
Appendix E
Sque-que General Chemistry 8/11/04:
location
Specific
conductivity ms/l Do mg/l pH DO % temp C
redox
mv
Ground Water Chemistry
well 1 0.25 3.4 7.3 30.8 12.7 345
well 8 0.25 6.4 7.4 69.3 14.2 356
well 9 0.24 5.5 7.4 58 13.8 390
well 11 0.25 4.9 7.4 53.6 13.2 395
well 17 0.26 4.2 7.3 40 13.4 355
well 12 0.25 3.8 7.3 41.3 15.1 366
well 18.5 0.25 3.3 7.2 34.1 13.2 365
well 15 0.26 3.5 7.2 36.3 12.9 399
well 14 0.25 4.3 7.3 46.6 14.6 316
well 13 0.25 3.9 7.3 39.9 14.0 363
well 27 0.25 1.5 7.0 15.1 14.8 293
well 16 0.25 3.0 7.1 33.4 13.4 381
well 28 0.25 2.1 7.1 23.9 14.3 290
Surface Water Chemistry
Jocko river near well
1 0.25 10.5 8.0 109.1 12.6 331
River near well 8 0.25 10.5 8.0 109.1 12.6 390
squ-que ditch 0.27 10.0 7.7 106.9 13.9 368
river near 16 0.25 10.0 8.1 111.5 15.6 349
spring near 16 0.25 4.5 7.2 47.5 15.2 368
Ground water and Surface water chemistry results from 8/11/04
Appendix F
Slug Test Data:
Slug test data from selected wells conducted on 11/13/04
Well test K(m/d)
6 1 203
2 69
3 166
7 1 75
28 1 1
2 2
27 1 50
2 220
3 211
15 1 250
2 250
3 183
5 1 220
2 222
3 152
Appendix G
Bore Hole Dilution Tests:
Ground water velocity data from 7/3/04
Test Velocity (m/m)
Velocity (m/d) Alpha
2 K (m/d) Alpha 2
1 0.01125 16.2 675
2 0.05 72 3000
3 0.01625 23.4 975
4 0.0875 126 5250
5 0.02125 30.6 1275
6 0.045 64.8 2700
7 0.0175 25.2 1050
8 0.0725 104.4 4350
9 0.06 86.4 3600
10 0.0325 46.8 1950
11 0.00575 8.28 345
Test
Velocity (m/d) alpha
10
K (m/d) Alpha
10
1 3.24 135
2 14.4 600
3 4.752 198
4 25.2 1050
5 6.192 258
6 12.96 540
7 5.04 210
8 20.88 870
9 17.28 720
10 9.36 390
11 1.728 72
Appendix H
Parameters and Definitions for VS2DHI Heat Transport Model:
Parameters Definitions
Kzz,Khh Ratio of saturated horizontal hydraulic conductivity to
vertical
Sat Khh Saturated hydraulic conductivity in the horizontal direction
(L/T)
Ss Specific Storage (1/L)
N Porosity
RMC Residual moisture content
Alpha Parameter used in Van Genuchten forumula (L)
Beta Parameter used in Van Genuchten forumula (L)
Long Dispersivity Mechanical mixing that occurs along the streamline of fluid
flow.
Trans Dispersivity Mechanical mixing that occurs perpendicular to the
streamline of fluid flow
CS Heat capacity of dry soils (Q/L3 ºC)
KTr Thermal conductivity of water-sediment at residual
moisturcontent (Q/L T ºC)
KTs Thermal conductivity of water-sediment at saturation
( Q/LT ºC)
Cw Heat capacity of water (Q/L3 ºC)
Appendix I
Soil temperature data used for Agrimet Station:
VS2DHI:
Temperature Data for VS2DHI
Date Time River Temperature © Soil temperature 5.08 cm deep ©
7/28/2004 12:50 AM 14.50 24.90
7/28/2004 1:50 AM 14.32 24.90
7/28/2004 2:50 AM 14.13 24.70
7/28/2004 3:50 AM 13.98 24.70
7/28/2004 4:50 AM 13.79 24.50
7/28/2004 5:50 AM 13.61 24.50
7/28/2004 6:50 AM 13.21 24.30
7/28/2004 7:50 AM 13.33 24.30
7/28/2004 8:50 AM 13.39 24.10
7/28/2004 9:50 AM 13.43 24.00
7/28/2004 10:50 AM 13.53 23.80
7/28/2004 11:50 AM 13.63 23.80
7/28/2004 12:50 PM 13.73 23.60
7/28/2004 1:50 PM 13.83 23.50
7/28/2004 2:50 PM 13.97 23.30
7/28/2004 3:50 PM 14.07 23.30
7/28/2004 4:50 PM 14.16 23.10
7/28/2004 5:50 PM 14.33 23.00
7/28/2004 6:50 PM 14.50 22.80
7/28/2004 7:50 PM 14.65 22.80
7/28/2004 8:50 PM 14.77 22.50
7/28/2004 9:50 PM 14.88 22.50
7/28/2004 10:50 PM 14.89 22.40
7/28/2004 11:50 PM 14.71 22.40
7/29/2004 12:50 AM 14.45 22.30
7/29/2004 1:50 AM 14.31 22.30
7/29/2004 2:50 AM 14.12 22.40
7/29/2004 3:50 AM 13.91 22.40
7/29/2004 4:50 AM 13.82 22.60
7/29/2004 5:50 AM 13.71 22.60
7/29/2004 6:50 AM 13.54 22.90
7/29/2004 7:50 AM 13.32 23.00
7/29/2004 8:50 AM 13.31 23.40
7/29/2004 9:50 AM 13.11 23.40
7/29/2004 10:50 AM 13.47 23.80
7/29/2004 11:50 AM 13.53 23.90
7/29/2004 12:50 PM 13.65 24.30
7/29/2004 1:50 PM 13.79 24.30
7/29/2004 2:50 PM 13.90 24.70
7/29/2004 3:50 PM 14.01 24.70
7/29/2004 4:50 PM 14.13 25.00
7/29/2004 5:50 PM 14.32 25.10
7/29/2004 6:50 PM 14.51 25.30
7/29/2004 7:50 PM 14.69 25.30
7/29/2004 8:50 PM 14.83 25.50
7/29/2004 9:50 PM 14.94 25.50
7/29/2004 10:50 PM 14.99 25.50
7/29/2004 11:50 PM 14.86 25.50
7/30/2004 12:50 AM 14.65 25.40
7/30/2004 1:50 AM 14.45 25.40
7/30/2004 2:50 AM 14.27 25.30
7/30/2004 3:50 AM 14.11 25.30
7/30/2004 4:50 AM 13.93 25.10
7/30/2004 5:50 AM 13.84 25.10
7/30/2004 6:50 AM 13.70 24.90
7/30/2004 7:50 AM 13.59 24.90
7/30/2004 8:50 AM 13.57 24.70
7/30/2004 9:50 AM 13.50 24.70
7/30/2004 10:50 AM 13.62 24.50
7/30/2004 11:50 AM 13.70 24.40
7/30/2004 12:50 PM 13.80 24.20
7/30/2004 1:50 PM 13.87 24.20
7/30/2004 2:50 PM 13.99 24.00
7/30/2004 3:50 PM 14.05 23.90
7/30/2004 4:50 PM 14.15 23.70
7/30/2004 5:50 PM 14.30 23.60
7/30/2004 6:50 PM 14.42 23.40
7/30/2004 7:50 PM 14.58 23.40
7/30/2004 8:50 PM 14.69 23.20
7/30/2004 9:50 PM 14.78 23.20
7/30/2004 10:50 PM 14.83 23.00
7/30/2004 11:50 PM 14.72 23.00
7/31/2004 12:50 AM 14.49 22.90
7/31/2004 1:50 AM 14.31 22.90
7/31/2004 2:50 AM 14.11 22.90
7/31/2004 3:50 AM 13.97 22.90
7/31/2004 4:50 AM 13.78 23.10
7/31/2004 5:50 AM 13.66 23.10
7/31/2004 6:50 AM 13.35 23.50
7/31/2004 7:50 AM 13.43 23.50
7/31/2004 8:50 AM 13.37 23.90
7/31/2004 9:50 AM 13.35 23.90
7/31/2004 10:50 AM 13.44 24.30
7/31/2004 11:50 AM 13.53 24.30
7/31/2004 12:50 PM 13.63 24.80
7/31/2004 1:50 PM 13.75 24.90
7/31/2004 2:50 PM 13.83 25.30
7/31/2004 3:50 PM 13.94 25.30
7/31/2004 4:50 PM 14.07 25.60
7/31/2004 5:50 PM 14.23 25.60
7/31/2004 6:50 PM 14.43 25.80
7/31/2004 7:50 PM 14.61 25.90
7/31/2004 8:50 PM 14.74 26.00
7/31/2004 9:50 PM 14.85 26.00
7/31/2004 10:50 PM 14.89 26.00
7/31/2004 11:50 PM 14.83 26.00
8/1/2004 12:50 AM 14.54 25.90
8/1/2004 1:50 AM 14.35 25.90
8/1/2004 2:50 AM 14.19 25.80
8/1/2004 3:50 AM 14.03 25.70
8/1/2004 4:50 AM 13.80 25.60
8/1/2004 5:50 AM 13.75 25.60
8/1/2004 6:50 AM 13.66 25.30
8/1/2004 7:50 AM 13.57 25.30
8/1/2004 8:50 AM 13.51 25.10
8/1/2004 9:50 AM 13.48 25.10
8/1/2004 10:50 AM 13.55 24.80
8/1/2004 11:50 AM 13.63 24.80
8/1/2004 12:50 PM 13.72 24.50
8/1/2004 1:50 PM 13.83 24.50
8/1/2004 2:50 PM 13.93 24.20
8/1/2004 3:50 PM 14.05 24.20
8/1/2004 4:50 PM 14.24 23.90
8/1/2004 5:50 PM 14.43 23.90
8/1/2004 6:50 PM 14.60 23.70
8/1/2004 7:50 PM 14.79 23.60
8/1/2004 8:50 PM 14.97 23.40
8/1/2004 9:50 PM 15.09 23.30
8/1/2004 10:50 PM 15.16 23.10
8/1/2004 11:50 PM 15.12 23.20
Appendix J
Well head calibration and Mass balance data
MASS BALANCE: Cumulative Volumes m3/d with out ditches.
IN: (m3/d) Model Calculated Volumes + Error Range
Storage 0 0
Constant Head 0 0
Wells 0 0
Drains 0 0
Recharge 0 0
ET 0 0
River leakage 112,312 0
Stream Leakage 0 0
General Head 84,201 71,062 (710 to 162,000)
Total 196,513 71,062 (710 to 162,000)
OUT: (m3/d) Model Calculated Volumes + Error Range
Storage 0 0
Constant Head 102,739 53,280 (532 to 106,000)
Wells 0 0
Drains 0 0
Recharge 0 0
ET 0 0
River leakage 92,104 0
Stream Leakage 0 0
General Head 1,606 0
Total 196,485 79,200 (24,500 to 133,000)
Table: 5 Mass balance calibration.
Head calibration data with out ditches.



